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Quiz 4 :12:@@:

Write your name on the quiz!
Rules:

e Work alone; no outside help of any kind much functions J"
Is allowed. 9 %
e No calculators, no notes, no books, no Q

computers, no phones. b
wow

SO answer




Today's data

Seen before:

gapminder <- read_csv(file.path('data', 'gapminder.csv'))

milk_production <- read_csv(file.path('data', 'milk_production.csv'))
global_temps <- read_csv(file.path('data', 'nasa_global_temps.csv'))
internet_region <- read_csv(file.path('data', 'internet_users_region.csv'))
hotdogs <— read csv(file.path('data', 'hot_dog _winners.csv'))
internet_country <- read _csv(file.path('data', 'internet_users_country.csv'))

O Ul B WN B

New datasets:

1 us_covid <- read csv(file.path('data', 'us_covid.csv'))
2 us_diseases <— read_csv(file.path('data', 'us_contagious_diseases.csv'))
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New packages:

1 install.packages('viridis"')
2 install.packages('gganimate")
3 install.packages('magick")
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Week 10: Trends

1. Single Variables
2. Animations

3. Multiple Variables




Week 10: Trends

1. Single Variables
2. Animations

3. Multiple Variables




Points Points + line

Plotting the data points is a good starting Adding lines between the points helps
point for viewing trends see the overall trend
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Line Line + area

Omitting the points emphasizes the overall  Filling area below line emphasizes
trend cumulative over time

(y-axis should start at 0)
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If points are too sparse, a line can be misleading

Milk production in California Milk production in California
401
m
o
C
(@)
= 304
=)
O
()]
(&)
-
3 20+
oY
~
=
10 -
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010

Year Year



Smoothed line

Adding a “smoothed” line shows a
modeled representation of the overall
trend

Milk production in California
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Smoothed line + points

Putting the smoothed line over the data
points helps show whether outliers are
driving the trend line
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Bars are useful when emphasizing the data points

Record-breaking wins in Nathan's hot dog
eating competition, men's division
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How to: Points + line

Be sure to draw the line first,
then overlay the points

1 ggplot(milk_ca, aes(x = year, y = milk_produced)) +
2 geom_line(color = 'steelblue', size = 0.5) +

3 geom_point(color = 'steelblue', size = 2) +

4 theme_half_open(font_size = 18) +

5 labs (

6 x = 'Year',

7 y = 'Milk produced (billion 1lbs)',

8 title = '"Milk production in California’

9 )
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How to: Line + area

Likewise, draw the area first then overlay the

line
1 ggplot(milk_ca, aes(x = year, y = milk_produced)) +
2 geom_area(fill = 'steelblue', alpha = 0.5) +
3 geom_line(color = 'steelblue', size = 1) +
4 scale_y_continuous(
5 expand = expansion(mult = c(0Q, 0.05))
6 ) +
7 theme_half_open(font_size = 18) +
8 labs (
9 x = 'Year',
10 y = 'Milk produced (billion 1lbs)',
11 title = '"Milk production in California’
12 )
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How to: Smoothed line + points

Use alpha to make points slightly
transparent

Se

0.9)

F/

1 ggplot(milk_ca, aes(x = year, y = milk_produced)) +
2 geom_point(color = 'grey', size = 2, alpha

3 geom_smooth(color = 'steelblue', size = 1,

4 theme_half_open(font_size = 18) +

5 labs (

6 x = 'Year',

7 y = 'Milk produced (billion 1lbs)',

8 title = 'Milk production in California’

9 )
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Your turn

Use the global temps data frame to
explore ways to visualize the change in
average global temperatures.

Consider using:

points

MEE

areas
smoothed lines

#>
#>
#>
#>
#>
#>
#>
#>
#>

# A tibble: 6 x 3

O Ul B~ WN K-

global_temps <- read_csv(file.path(
'data’,

'nasa_global_temps.csv'

))

head(global_temps)

year meanTemp smoothTemp

<db 1>
1880
1881
1882
1883
1884
1885

<db1>
-0.15
-0.07
-0.1

—-0.16
-0.27
-0.32

<db1>
—0.08
—0.12
—-0.15
-0.19
-0.23
-0.25

15: 00|

15
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Week 10: Trends

1. Single Variables
2. Animations

3. Multiple Variables




Animation adds emphasis to the change over time

..plus it's fun!
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Animation is particularly helpful for the time dimension

Year: 1952
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Animation is particularly helpful for the time dimension

Global temperature change (1850-2020)

Dec

)

AN

HadCRUT5.0
@ed _hawkins Baseline: 1850-1900
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Animation is particularly helpful for the time dimension

‘Hospitals are always full in winter'... is it that simple?

How current pressure on hospitals compares to a typical winter

Total number of adult eretical care beds ocoupied In London over winter 2013-14

g e}

SR

Feb

e

bLar
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Animation is particularly helpful for the time dimension
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How to: Animate a line plot

Make a static plot w/labels for each year

milk_region_anim_plot <— milk_region %>%

1

2

3 geom_line(size = 1) +

4 geom_point(size = 2) +
5 geom_text_repel(

6 aes(label = region),
7

8

hjust = 0,
nudge_x = 1,

9 direction = "y",

10 size = 6,

11 segment.color = NA

12 ) +

13 scale_x_continuous(

14 breaks = seq(1970, 2010, 10),

15 expand = expansion(add = c(1, 13))

16 ) +

17 scale_color_manual(

18 values = c('sienna', 'forestgreen', 'dodgerblue',
19 ) +
20 theme_half_open(font_size = 18) +
21 theme(legend.position = 'none') +
22 labs (
23 x = 'Year',
24 y = 'Milk produced (billion 1lbs)',
25 title = '"Milk production in four US regions'
26 )

ggplot(aes(x = year, y = milk_produced, color = region)) +

'orange

{ 1 milk_region_anim_plot

Milk production in four US regions
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How to: Animate a line plot

Now animate it

Note the pause at the end!

1 library(gganimate)

2

3 milk_region_anim <— milk_region_anim_plot +
4 transition_reveal(year)

5

6 # Render the animation

7 animate(

8 milk_region_anim,

9 end_pause = 15,
10 duration = 10,
11 width = 1100,
12 height = 650,
13 res = 150,
14 renderer = magick_renderer()
15 )
16

17 # Save last animation
18 anim_save(file.path(

19 ‘figs',
20 'milk_region_animation.gif"
21 1))
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How to: Change label based on year

-irst make a static plot

1
2
3
4
5
6
7/
8

9
10
11
12

13 gapminder_anim_plot

gapminder_anim_plot <- ggplot(

)

gapminder,
aes(x = gdpPercap, y = lifeExp, size = pop, colq
+

geom_point(alpha = 0.7) +

scale_size_area(gquide = FALSE, max_size = 15) +
scale_color_brewer(palette = 'Set2') +
scale_x_logl0() +

theme _bw(base size = 18) +
theme(legend.position = c(0.85, 0.3)) +

labs(x = 'GDP per capita', y = 'Life expectancy!

Life expectancy

80

(o)}
o

I~
o
[ |

Continent

Africa
Americas
Asia
Europe
Oceania

T
1e+03

1e+04
GDP per capita

1e+05
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How to: Change label based on year

Now animate it
Note: Year must be an integer!

gapminder_anim <- gapminder_anim_plot +

transition_time(year) +
labs(title = "Year: {frame_timel}")

animate(

gapminder_anim,

end_pause = 10,
9 width = 800,
10 height = 600,
11 res = 150,
12 renderer = magick_renderer()
13 )

1
2
3
4
5 # Render the animation
6
7
8

Life expectancy

Year: 1952
80 -
60 -
Continent

Africa

40 - Americas
Asia
Europe
Oceania

1e+03 1e+04 1e+05

GDP per capita
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U b B, E,EREAEAEAEDDWWWWWWWWWWNNNNNNNNNNRRRRRRERRRR
PO OWOONOULRA, WNPFPOCOVWONOURMRWNRPRPOCOOVONOULMAEWNRFRPOOOVONOUA WNRER,OS

1 milk_race_anim <- milk_production %>%
2 group_by(year) %>%
3 mutate(
4 rank = rank(-milk_produced),
5 Value_rel = milk_produced / milk_produced[rank == 1],
6 Value_1lbl = paste@(' ', round(milk_produced))
7 ) %>%
8 group_by(state) %>%
9 filter(rank <= 10) %%
ungroup() %>%
mutate(year = as.integer(year)) %>%
ggplot(aes(x = rank, group = state, fill = region, color
geom_tile(
aes(y = milk_produced / 2, height = milk_produced),
width = 0.9,
alpha = 0.8,
color = NA
) +
geom_text(aes(y = @, label = paste(state, " ")), vjust = 0.2, hjust
geom_text(aes(y = milk_produced, label = Value_lbl), hjust
coord_flip(clip = 'off', expand = FALSE) +
scale_y_continuous(labels = scales::comma) +
scale_fill_viridis(discrete = TRUE) +
scale_color_viridis(discrete = TRUE) +
scale_x_reverse() +
guides(color = FALSE) +
theme_minimal_vgrid() +
transition_time(year) +
view_follow(fixed_x = TRUE) +
theme (
axis.line = element_blank(),
axis.text = element_blank(),
axis.ticks = element_blank(),
axis.title = element_blank(),
legend.position = c(0.7, 0.3),
legend.background = element_rect(fill = 'white'),
plot.title = element_text(
size = 22,
hjust = 0.5,
face = 'bold',
colour = 'grey',
vjust = -1
)I
plot.subtitle = element_text(
size = 18,
hjust = 0.5,
face = 'italic',
color = 'grey'
)I
plot.caption = element_text(
size = 8,
hiust = A.5.

J1
N

Making a bar chart race
(tutorial here

region)) +

1 animate(

2 milk_race_anim,

3 duration = 17,

4 end_pause = 15,

5 width = 800,

6 height = 700,

7 res = 150,

8 renderer = magick_renderer()
9 )
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Resources

More animation options:

e More on gapminder + line charts

e Customizing the animation
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https://www.datanovia.com/en/blog/gganimate-how-to-create-plots-with-beautiful-animation-in-r/
https://github.com/ropenscilabs/learngganimate/blob/2872425f08392f9f647005eb19a9d4afacd1ab44/animate.md

Your turn

Use the global temps data frame to
explore ways to animate the change in
average global temperatures.

Consider using:

o
on

e points
e |lines
e areas
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Break!
Stand up, Move around, Stretch!

05:00




Week 10: Trends

1. Single Variables
2. Animations

3. Multiple Variables




Milk produced (billion Ibs)
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With multiple categories,
points & lines can get messy

Milk production in four US regions
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Better: Lines alone makes
distinguishing trends easier

Milk production in four US regions
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Even better: Directly label
lines to remove legend

Milk production in four US regions
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If goal is to communicate the overall / total trend,
consider a stacked area chart

Highlights regional trends Highlights overall / total trend

Number of internet users (billions) Number of internet users (billions)
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If you have lots of categories:

1) Plot all the data with the average highlighted

Measles in California

Cases per 10,000 people
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: Vaccine introduced in 1964
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If you have lots of categories:
1) Plot all the data with the average highlighted
2) Plot all the data with a heat map

Measles in the U.S.
Vaccine introduced in 1964
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Heatmaps are great for multiple divisions of time

My activity on Github:

1,715 contributions in the last year Contribution settings ~

Feb Mar

Check out this heat map on Traffic fatalities
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https://flowingdata.com/2017/04/27/traffic-fatalities-when-and-where/

Make the basic line chart first

1 # Format the data
2 milk_region <— milk_production %>%
filter(

region %in%

) %>%

group_by(year, region) %>%
summarise(milk_produced = sum(milk_produced)) %>%
9 ungroup ()

OO U1 & W

11 # Make the line chart

12 ggplot(

13 milk_region,

14 aes(x = year, y = milk_produced, color = region)
15 ) +

16 geom_line(size = 1) +

17 scale_color_manual(

18 values = c('sienna', 'forestgreen', 'dodgerblue',
19 ) +

20 theme_half_open(font_size = 18) +

21 labs (

22 x = 'Year',

23 y = 'Milk produced (billion 1lbs)',

24 color = 'Region',

25 title = '"Milk production in four US regions'

26 )

c('Pacific', 'Northeast', 'Lake States', 'Mountain')

'orange')

Milk produced (billion Ibs)

How to:
Directly label lines

Milk production in four US regions
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1 # Format the data
2 milk_region <- milk_production %>%
filter(
region %in%

c('Pacific’',
) %>%
group_by(year, region) %>%
summarise(milk_produced = sum(milk_produced)) %>%
9 ungroup()

'Northeast', 'Lake States',

0O NO U1 &~ W

11 # Make the line plot

'Mountain')

12 ggplot(milk_region, aes(x = year, y = milk_produced, color = region

13 geom_line(size = 1) +
14 # Add labels
15 geom_text_repel(

16 data = milk_region %>% filter(year == max(year)),
17 aes(label = region),

18 hjust = 0,

19 nudge_x = 1,

20 direction = "y",

21 size = 6,

22 segment.color = NA

23 ) +

24 # Create space for labels on right side

25 scale_x_continuous(

26 breaks = seq(1970, 2010, 10),

27 expand = expansion(add = c(1, 13))

28 ) +

29 scale_color_manual(

30 values = c('sienna', 'forestgreen', 'dodgerblue',
31 ) +

32 theme_half_open(font_size = 18) +
33 # Remove legend

34 theme(legend.position = 'none') +
2R Tahe!

'orange"')

Milk produced (billion |bs)

N W B (%))
o o o o
1 1

-
o

How to:
Directly label lines

Milk production in four US regions
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/\_//\/\’\’\/ Mountain
J Northeast
1970 1980 1990 2000 2010
Year
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library(geomtextpath)

# Format the data
milk_production %>%
filter(
region %in%

c('Pacific', 'Northeast', 'Lake States', 'Mountain')

) %>%

group_by(year, region) %>%
summarise(milk_produced = sum(milk_produced)) %>%
ungroup() %>%

# Make the line plot
ggplot() +
geom_textline(
aes (

X = year,

y = milk_produced,

color = region,

label = region,

group = region

)I

size = 5,

hjust = 0.15
) +
scale_color_manual(

values = c('sienna', 'forestgreen', 'dodgerblue',
) +

theme_half_open(font_size = 18) +
# Remove legend

theme(legend.position = 'none') +
labs (
x = 'Year',

y = 'Milk produced (billion 1lbs)',

+a+1A — IMAa1L AvrAadii~+aiAan in FAanlr 1IC vrAaAnTAnecl

'orange"')

Alternative:
Embed the labels!

Use {geomtextpath} package

(see this SO issue for other
strategies)

Milk production in four US regions
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How to: Stacked area

1
2
3
4
5
6
7/
8
9

internet_region %>%

mutate(numUsers = numUsers / 1079) %>%

ggplot() +

geom_area(aes(x = year, y = numUsers, fill = region)) +
# Nice colors from "viridis" library:

scale_fill viridis(discrete = TRUE) +

# Sort the legend into 3 rows

guides(
fill = guide_legend(
nrow = 3,

byrow = FALSE

)
) +
theme_minimal_grid(font_size = 15) +
theme(legend.position = 'bottom') +
labs (

x = 'Year',

y = NULL,

fill = 'Region’,

title = 'Number of internet users (billions)'

Number of internet users (billions)

1990 1995 2000 2005 2010 2015
Year

B East Asia & Pacific B Middle East & North Africa Sub-Saharan Africz
Region Il Europe & Central Asia ¥ North America

B Latin America & Caribbean South Asia
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Format the data HOW tO'

°
1 # Format the data
2 measles <- us_diseases %>% Average llne overlay
3 filter(
4 disease == 'Measles',
5 Istate %in% c("Hawaii", "Alaska") l
6 e 300 :
7  mutate( |
8 rate = (count / population) * 10000, D I
9 state = fct_reorder(state, rate) E} .
10 %>% Q :
11 # Compute annual mean rate across all states o 200 I
12 group_by(year) %>% Eg ;
13 mutate( =] 'Vaccine introduced in 1
14 mean_rate = sum(count) / sum(population) x 10000 j: |
15 ) @ I
2 100 I
8 I
Make all the state lines in light grey color & i
S .
1 ggplot(measles) + :
2 geom_line( 0 :
3 aes(x = year, y = rate, group = state), [
4 color = 'grey', 1940 1960 1980 2000
5 alpha = 0.3 year
6 ) +
7 # Add reference line & label:
8 geom_vline(xintercept = 1963, col = 'blue', linetype = 'g
9 annotate(
10 "text',
11 x = 1964,
12 y = 150,
13 hjust = 0,

14 label = 'Vaccine introduced in 1964',
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Now overlay the annual mean line

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

ggplot(measles) +

geom_Lline(

aes(x = year, y = rate, group = state),

color = 'grey',
alpha = 0.3

) +

geom_Tline(

aes(x = year, y = mean_rate),

size = 0.8
) +
# Add US mean label
annotate(

"text',

x = 1945,

y = 535,

hjust = 0,

label = '"US Mean'
) +

# Add reference line & label

geom_vline(xintercept =
annotate(

1963, col = 'blue', linetype =

"text',

x = 1964,

y = 150,

hjust = 0,

label = '"Vaccine introduced in 1964',
color = '"blue'

) +

How to:
Average line overlay

300

P
[
(=

Vaccine introduced in 1964

Cases per 10,000 people

-
=
o

US Mean

1940 1960 1980 2000
year
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: Heat map

How to

Create main grid with geom_tile()
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Adjust scales and adjust theme Color scale is linear in this chart

1 ggplot(measles) + Measles Vaccine introduced in 1964
2 geom_tile(aes(x = year, y = state, fill = rate), color = 'g wlonana WNON EEY pEe R
3 # Add reference line & label Wis;goinsgﬂ EE'E R EOCEYEN B BN NN BEN BE BN N®
. . , , Vemin 8 m w "WEC Gm W owm AE W oom
4  geom_vline(xintercept = 1963, col = 'blue') + Connecticut Il ME_HUN°N e
5  annotate( assachieats [UNBCE N Henie" N 80 "N 1B
. . New Jersey M | N | BN R RN D N
6 text’, Nelooado WA mE Ny Bems W pnEE B .
7 x = 1964, N oes B anh f W EE ‘weww
8 y = 50.5, Nort Deko Yam mt oSSR agn
9 hjust = 0, Penns&rmgiﬂl}: E =E' n '= 1" N
10 label = 'Vaccine introduced in 1964‘', Te,gg%iig y B
11 color = 'blue’ ”e“‘.%:r{i :
12 ) + N Malrlzl.fillj;ﬁgl ‘e ]
13  # Adjust scales D'“““”E”:“D‘Qﬁ I: E NEN u ON NH W
14 scale_x_continuous(expand = c(0, 0)) + New Hampsfire . u u
15  scale_fill viridis( Rnee Sang & ..'= | 5 m
16 option = 'inferno', South Caroina I
17 direction = -1 OAabama
18 ) + o enana uln
Missouri
19  # Adjust theme SP“G[E:’};: . o=
20 theme_minimal() + Lousiana . . N Eam
21  theme( Missecpp y
22 panel.grid = element_blank(), 0 . . o
23 legend.p051t10n - bOFtom ! Cases per 10,000 people _
24 text = element_text(size = 10) 0 100 200
25 ) +
26 coord_cartesian(clip = 'off') +
27 labs (
28 x = NULL,
29 y = NULL,
30 fill = 'Cases per 10,000 people',
31 title = 'Measles'
32 )
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Adjust scales and adjust theme

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

ggplot(measles) +

geom_tile(aes(x = year, y = state, fill = rate),
# Add reference line & label
geom_vline(xintercept = 1963, col = 'blue') +

annotate(
"text',
X = 1964,
y = 50.5,
hjust = 0,
label = 'Vaccine introduced in 1964°',
color "blue’
) +
# Adjust scales
scale_x_continuous(expand =
scale_fill_viridis(
option = ‘'inferno’,
direction = -1,
trans = 'sqrt’
) +
# Modify legend color bar
guides(
fill = guide_colorbar(
title.position = 'top',
reverse = TRUE
)
) +
# Adjust theme
theme_minimal() +
theme (
panel.grid = element_blank(),
legend.position = 'bottom’,
text = element_text(size = 10)

c(o, 90)) +

color

¢

Non-linear color scale
helps with large variations

Measles in the U.S.
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Your turn

Use the us_covid data frame to explore
ways to visualize the number of daily
cases using:

1. A labeled line chart
2. A stacked area chart
3. A heat map

us_covid <- read_csv(file.path(

'data',
'us_covid.csv'

))

head(us_covid)

#> # A tibble: 6 x 7

#>  date day
#>  <date> <db1>
#> 1 2020-01-23 1
#> 2 2020-01-24
#> 3 2020-01-25

#>
#>
#>

2020-01-26
2020-01-27
2020-01-28

SO Ul ks WN B
o Ul ks WN

state

<chr>

Alabama
Alabama
Alabama
Alabama
Alabama
Alabama

cases_daily deaths_daily c

<db1>
0

(SIS BN S R S B )

20:00]

<db1>
0

(< NS BN RN R )
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Two other examples for showing
change across multiple categories




Seasonal chart

Seasonal plot: International Airline Passengers
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Solar
0.949

Nuclear
8.44

Hydro
2.69

Wind
253

Geothermal

0.217

513

Petroleum

36.9

Sankey chart

Estimated U.S. Energy Consumption in 2018: 101.2 Quads

0.61

Biomass

Source: LLNL March, 2019. Data

and the Department of Energy, under
reports consumption of renewable rescourcea {(i.e., hydro, wind,

Net Electricity 0.05
Imports

129

Residential
11.9

9.45

Industrial
26.3

Transportation

28.3

Commercial

13.4

|l Lawrence Livermore
National Laboratory

12.9

is based on DOE/EIA MER (2018). Tf this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory

wee anapices the work was performed. Distributed electricity represents only retail electrieclty saleas and does no
geothermal and solar) for electrieity in BTU-equivalent values by assuming a typical fosail fuel plant heat rate. The
efficiency of electricity producticn is calculated a= the total retail electricity delivered divided by the primary energy input into electricity generation.

inglude self-generation. EIA

End uase efficiency is

eatimated as 65% for the residential sector, €5% for the commercial aector, 21% for the transportation sector and 49% for the induatrial sector, which was updated in 2017 to reflect

DOE's analyais of manufacturing.

Totals may not equal sum of components due to independent rounding. LLNL-MI-410527

Rejected
Energy

68.5

Energy
Services

32.7
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Would you consider purchasing an electric car?
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Roberson, Laura A. & Helveston, J.P. (2020) “Electric vehicle adoption: can short
experiences lead to big change?,” Environmental Research Letters. 15(0940c3).
Made using the ggforce package

Change in
before / after rating

17% " Positive
I Negative
No change

26%

51%

4%

2%
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https://iopscience.iop.org/article/10.1088/1748-9326/aba715/meta
https://iopscience.iop.org/article/10.1088/1748-9326/aba715/meta
https://www.data-imaginist.com/2019/the-ggforce-awakens-again/

